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Abstract- New in line uniplanar microstrip-to-slotline 
transitions for MIC/MMIC and phased array slotline an- 
tenna applications are described. Such transitions are com- 
pact and suitable to be used in an open environment or 
inside a package or a multichip module. The transitions 
share the concept of using a balun which consists of two 
microstrip lines connected to a slotline through a pair of 
coupled microstrips. In this paper, the transitions are stud- 
ied theoretically using the FDTD technique and measured 
experimentally using an HP8510C Network Analyzer. For 
a back-to-back configuration, an insertion loss of less than 
1.3 dB per transition is achieved over a 40% 3-d B band- 
width with a minimum of 0.6 dB at the design frequency. 

1 Introduction 

In most slotline antenna applications, a transition is needed 
to couple the slotline to another planar line, e.g., microstrip 
line. Although there are techniques to couple the RF en- 
ergy from a microstrip line to a slot-line, both sides of 
the substrate are needed to achieve a successful transi- 
tion. Such a configuration requires accurate alignment dur- 
ing fabrication due to the demonstrated sensitivity of the 
transition on the relative position between the microstrip, 
which is printed on one side of the substrate, to the slotline 
printed on the other side. Furthermore, such a transition 
requires a multi- wafer/ substrate configuration and presents 
many practical problems when there is a need for packag- 
ing. 

In 1983, a single sided microstrip to slot-line transi- 
tion was proposed and measured [1, 2]. This transition 
uses a balun in the form of an open ring consisting of two 
microstrip lines connected to a slot-line through a pair of 
coupled microstrip. Recently, the same transition has been 
studied by the authors both theoretically and experimen- 
tally [3, 4]. It has been found that the insertion loss and 
return loss for a single transition are better than 1.5 dB and 
10 dB, respectively, over 8% bandwidth centered at 9 GHz 
(the design frequency was 10 GHz) [4]. Moreover, a linearly 
tapered slot antenna (LTSA) excited by this microstrip- 
to-slotline transition has been investigated [4]. A major 
limitation in this approach when used in slotline antennas 
is the off-axis feeding mechanism and the resulting large 
space requirement for such a feed. 

In addition, a new approach for designing a uniplanar 


microstrip-to-slotline transition for MIC/MMIC and an- 
tenna applications has been proposed in [5]. In this tran- 
sition, a slot-line radial stub is utilized to create resonance 
conditions at the junction of the two transmission lines so 
that maximum power transfer is achieved. It was reported 
that the bandwidth of the tested transition was 30% at a 
design frequency of 3.8 GHz [5]. 

In this paper, new microstrip-to-slotline uniplanar 
topologies are proposed which provide broadband transi- 
tion characteristics as the ones presented in the literature 
but require much less real estate and give an on-axis in- 
put/output geometry. Because* of these properties, these 
new transitions can easily be used as feeds for slotline an- 
tennas in phased array applications. 

2 Design Description 

Figure 1(a) shows a back-to-back uniplanar microstrip to 
slot-line transition geometry. It consists of a 50 ft mi- 
crostrip line which branches into two orthogonal paths. 
The characteristic impedance of each microstrip path is 
chosen as 70 fl for easy fabrication. The two microstrip 
paths are made of 0.75 X^ m icro$tri p ) and 0-25 A^ microJfrip ) 
long, respectively, at the design frequency of 10 GHz so 
that the fields at the locations a and b are 180° out of 
phase. This is necessary to excite the odd mode on the 
coupled microstrip lines so that the intermediate coupled 
microstrip line section transitions easily into a slot-line as 
shown in the figure. In practice however, discontinuity par- 
asitics contribute an additional phase change which may be 
adjusted by slightly changing the lengths of the microstrip 
lines. The configuration shown in Fig. 1(a) has the two 
transitions on the same side of the slotline and is called an 
unbalanced configuration in contrast to the balanced con- 
figuration shown in Figure 1(b) where the two transitions 
are located on opposite sides of the slotline. In the latter 
configuration, the two microstrip path lengths are made 0.8 
A ^microstHp) and 0.25 A* mfCrojtrip) long, respectively, at 
the design frequency of 10 GHz to compensate for the right 
angle bends parasitics. The rest of the design is the same 
as above. 

Figures 1(c) and 1(d) show two compact microstrip to 
slot-line transition topologies. In these transitions, the 0.25 
A g{micro*trip ) line is eliminated and the delay path is made 
around 0.6 A^ m j croJtr i p ) at the design frequency of 10 GHz 
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Figure 1: Microstrip-to-slotline transitions (a) back-to-back unbalanced configuration (b) back-to-back compen- 
sated and balanced configuration (c), (d) compact transitions. Zo=50 ft, Zoi=41.8 ft, Zo2=70 ft, A ? =11.6 mm at 
10 GHz 
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to provide the 180° phase difference and to compensate for 
the right angle bends parasitics. The rest of the design 
is the same as above. These compact transitions offer as 
much as 45% reduction in size over the one shown in Fig. 


1(a)- 

Impedance matching at the junction between the 50 fi 
microstrip line and the two 70 ft microstrip lines is achieved 
by a quarter wave impedance transformer of characteristic 
impedance 41.8 Q. The characteristic impedances of the 
various lines are also indicated in Fig. 1. The transitions 


are fabricated on a 1.5 x 2.0 inch RT-Duriod6010.5 of 10 
mils thickness and e r of 10.5. 


3 FDTD Method 

In this method, Maxwell’s curl equations are expressed 
in discretized space and time domains and are then used 
to simulate the propagation of an initial excitation in a 
w leapfrog” manner [6]. Recently, the method has been suc- 
cessfully applied to characterize microstrip and coplanar 
waveguide (CPW) lines and discontinuities [7, 8, 9]. In or- 
der to characterize any planar discontinuity, propagation of 
a specific time-dependent function through the structure is 
simulated using the FDTD technique. A Gaussian pulse 
is used here because it is smoothly varying in time and its 
Fourier transform is also a Gaussian function centered at 
zero frequency. Following the time and space discretiza- 
tions of the electric and magnetic field components, the 
FDTD equivalents of Maxwell’s equations are then used to 
update the spatial distributions of these components at al- 
ternating half time steps [6]. The space steps, Ax, Ay and 
A z y are carefully chosen such that integral numbers of them 
can approximate the various dimensions of the structure. 
As a rule of thumb and in order to reduce the truncation 
and grid dispersion errors, the maximum step size is chosen 
to be less than 1/20 of the smallest wavelength existing in 
the computational domain (i.e., at the highest frequency 
represented in the pulse). Then, the Courant stability cri- 
terion is used to select the time step to insure numerical 
stability. 

The super- absorbing first-order Mur boundary condi- 
tion is utilized to terminate the FDTD lattice at the front 
and back planes in order to simulate infinite lines. On the 
other hand, the first-order Mur boundary condition is used 
on the other walls to simulate an open structure. 

In general, the frequency dependent scattering param- 
eters, Sj >, can be obtained from the voltages at ports i and 
j. To obtain Sn(w), the incident and reflected fields must 
be known. The incident field is obtained from a line of an 
infinite extent and is subtracted from the total waveform 
to yield the reflected field. 


4 Results 

The measurements were done using an HP8510C Network 
Analyzer with the Wiltron Universal test fixture. Figure 



sated back-to-back transition. 


2 shows the S-parameters of an unbalanced and compen- 
sated back-to-back configuration which is the same as the 
one shown in Fig. 1(a) except that the length of one of the 
microstrip paths is 0.8 A g instead of 0.75 A$. The overall 
agreement between the experimental and theoretical results 
is satisfactory considering the differences between the the- 
oretically analyzed structure and the experimentally char- 
acterized one. Specifically, the FDTD method considered 
a transition printed on an infinite substrate while the ex- 
perimentally measured transition was printed on a finite 
substrate. Furthermore, the FDTD method implemented 
a slightly different transition geometry due to limitations of 
the uniform grid in discretizing arbitrary dimensions with- 
out introducing an impossibly large number of nodes. The 
measurement data are calibrated to the connectors and in- 
clude the connector insertion loss which amounts to 0.2 dB 
per connector. The measured insertion loss of the back- 
to-back configuration is better than 3 dB in the frequency 
range 7.5-10.5 GHz and translates into 1.3 dB per transi- 
tion over a 30% bandwidth. 

Figure 3 shows the S-parameters of the balanced and 
compensated back-to-back configuration shown in Fig. 
1(b). The measured insertion loss is better than 3 dB, that 
is 1.3 dB per transition, from 7 GHz to 11.5 GHz (40% 
bandwidth). The minimum insertion loss achieved by a 
single transition is 0.6 dB at 10.5 GHz. 

It should be mentioned that while experimentally char- 
acterizing the transitions, a piece of microwave absorber 
was placed at the edges of the substrate to absorb the sur- 
face waves launched by the microstrip line discontinuities. 
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Frequency (GHz) 

Figure 3: S-parameters of a balanced and compensated 
back-to-back configuration. 


Without the absorber, deep nulls in the insertion loss mea- 
surements were observed. Also, as mentioned earlier, the 
measured data include the losses from the coaxial connec- 
tors of the Wiltron Universal test fixture which were not 
practical to calibrate out. 

Results for the compact transitions shown in Figs. 1(c) 
and (d) will be presented in the symposium. 

5 Conclusions 

Uniplanar microstrip-to-slotline transitions have been pro- 
posed and characterized both experimentally and theoret- 
ically. Such transitions are compact and easily adaptable 
to be used in MIC/MMIC and antenna applications. The 
response of the transitions is evaluated numerically and ex-; 
perimentally from 5 GHz to 15 GHz and both results are in 
good agreement. For a balanced and compensated back-to- 
back ronfigu rat ion, an insertion loss better than 1.3 dB per 
transition is achieved over a 40% 3-dB bandwidth around 
the design frequency (10 GHz). 
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